INTRODUCTION
Exacerbations in chronic obstructive pulmonary disease (COPD) are an important factor affecting the course of the disease. Patients with frequent exacerbations demonstrate a more rapid annual decline in forced expiratory volume in the first second (FEV 1 ). 1 An association between the dynamics of lung function decline and morbidity and mortality in COPD has been reported. 2 Moreover, it has been documented that previous exacerbations have the best predictive value for identifying patients at risk for frequent exacerbations. 3 Studies glucose and fat metabolism and may influence appetite via receptors located in the hypothalamus. 23 The adiponectin concentration is higher in patients with COPD than in healthy subjects and correlates with the degree of lung hyperinflation. Its elevated serum concentration in underweight patients is associated with a lower risk of cardiovascular complications, 24 which significantly affects the course and prognosis of COPD.
Ghrelin is a hormone associated with the energetic balance and its concentration is affected by the nutritional status; its activity differs depending on the form-acylated (acyl ghrelin) or nonacylated (desacyl ghrelin). Acylated ghrelin enhances appetite and causes weight gain to maintain positive energy balance. 25 Its counterpart, nonacylated ghrelin, is probably responsible for negative energy balance causing weight loss. 25 The ghrelin concentration is increased in a number of conditions leading to cachexia. In patients with COPD with a low BMI, the serum ghrelin concentration was higher than in controls and correlated with lung hyperinflation defined by an increased residual volume (RV) and the ratio of residual volume to total lung capacity (RV/TLC).
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Given this rationale, we conducted a study to evaluate the effect of exacerbation frequency on body composition and serum adiponectin and ghrelin concentrations in patients with COPD.
PATIENTS AND METHODS
The study included 152 consecutive patients with stable COPD (61 women, 91 men; mean age, 68 ±8 years; smokers, 95%; smoking history, 42 ±21 pack-years). The analyses were performed in the following groups of patients: with 1 exacerbation in the last 12 months, with more than 1 exacerbation, and without any exacerbation.
Medical history was recorded and physical examination including body weight, height, and waist and hip circumference was conducted. The BMI and waist-to-hip ratio were calculated. The analysis of body composition was performed by bioimpedance (Tanita T5896, TANITA Corporation of America, Inc., Arlington Heights, Illinois, United States). Fat mass, FFM, and muscle mass were expressed as kg/m 2 . Spirometry with bronchial reversibility testing after the administration of salbutamol (400 µg) via a spacer was performed in accordance with the recommendations of the Polish Respiratory Society (Lungtest 1000, MES, Poland).
27 Bodypletysmography was performed using BodyBox (Medisoft, Sorinnes, Belgium) and Vmax 6200 Autobox (SensorMedics, Yorba Linda, California, United States). Fasting serum levels of acyl ghrelin and adiponectin were measured by enzyme-linked immunosorbent assays (R&D Systems Quantikinine, Minneapolis, Minnesota, United States, and SPIbio Bertin Pharma, Montigny-le-Bretonneux, France, respectively).
Statistical analysis was performed by Statistica for Windows (Statsoft Inc. STATISTICA Body weight is also one of the most important prognostic factors in COPD. 9 Body mass index (BMI), severity of airway obstruction (FEV 1 ), dyspnea, and exercise tolerance (6-minute walk test) are incorporated in the BODE index, one of the most popular prognostic scales in COPD in recent years. 10 Cachexia affects from 20% to 40% of patients with COPD.
10 A lower BMI is more frequently observed in hospitalized patients and is associated with higher mortality, 11 while a higher BMI is an independent positive prognostic factor in COPD. 12 However, BMI does not adequately reflect body composition. A normal BMI does not exclude an altered nutritional status; in COPD, loss of fat-free mass (FFM) and a simultaneous rise in fat mass are observed, and a large proportion of these patients have a normal BMI.
COPD-related cachexia may have numerous underlying causes, including genetic factors such as gene polymorphisms in interleukin (IL) 1β, 13 IL-6, angiotensin-converting enzyme, 14 or tumor necrosis factor α (TNF-α).
13 Patients with COPD have an increased metabolism and resting energy expenditure compared with healthy subjects.
15 Hypoxemia, which stimulates the release of inflammatory cytokines 16 and sympathetic activation, 17 may also contribute to weight loss. Fat tissue--associated hormones such as leptin and resistin also play a role.
18 Some authors have also shown the relationships between COPD exacerbations and serum concentrations of γ-glutamyltransferase 19 and mean platelet volume.
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Leptin concentrations have been demonstrated to correlate with BMI, FFM, and the BODE index 21 and to increase during COPD exacerbations. 22 Adiponectin has a positive impact on Patients with 2 exacerbations and more per year had a higher serum adiponectin concentration than those with a lower exacerbation frequency (14.5 ±8.6 mg/l vs. 11.2 ±7.6 mg/l; P <0.05). They also had a higher ghrelin concentration but the difference was not significant (44.0 ±40.1 pg/ml vs. 32.9 ±25.9 pg/ml, respectively; P = NS). No differences in BMI and body composition between patients with frequent and rare exacerbations were found.
The comparison of the subgroups with any exacerbations and no exacerbations within the last year showed no differences in FEV 1 and FVC; however, patients with any exacerbations had a higher degree of lung hyperinflation (RV/TLC, 139.1 ±20.8 % predicted vs. 129.9 ±18.8 % predicted, respectively; P = 0.01). Of note, smoking history was less relevant in patients with any exacerbations (38.3 ±22.2 pack-years vs. 47.9 ±22.2 pack-years, respectively; P <0.05). Despite a similar BMI, significant differences in body composition between the groups with any and no exacerbations were observed: patients with any exacerbations were characterized by a lower FFM index (18.3 ±2.5 kg/m 2 vs. 19.3 ±2.7 kg/m 2 , respectively; P <0.05), lower total body water (36.9 ±8.1 kg vs. 40.2 ±8.0 kg, respectively; P <0.05), lower resting metabolic rate (1482.8 ±301.1 kcal vs. 1616.0 ±322.5 kcal, respectively; P = 0.01), and lower waist-to-hip ratio (0.95 ±0.1 vs. 0.98 ±0.01, respectively; P <0.05).
We found some weak but significant correlations between the number of exacerbations and FFM index (R = -0.18; P <0.05), muscle mass index (R = -0.18; P <0.05), total body water (R = -0.18; P = 0.03), resting metabolic rate (R = -0.17; P <0.05), and serum adiponectin levels (R = 0.19; P <0.05) in the whole study group. Adiponectin version 10, www.statsoft.com). Data were presented as mean ± standard deviation or median and interquartile range, where appropriate. As the majority of the analyzed variables demonstrated nonnormal distribution, we used the Mann-Whitney test and the Kruskal-Wallis analysis of variance for group comparisons. Correlations were analyzed by the Spearman's rank correlation test. A P value of less than 0.05 was considered statistically significant. Sixty patients (39.5%) did not report any exacerbation in the 12 months preceding the study. In the remaining 92 patients, the exacerbation rates were as follows: 53 patients (34.9%) had only 1 exacerbation and 39 patients (25.7%) had at least 2 exacerbations within the previous year. Thus, the group of patients with less than 2 exacerbations per year consisted of 113 subjects (74.3%): 60 patients without exacerbations and 53 patients with only 1 exacerbation.
The mean number of exacerbations in the group as a whole was 1.04 ±1.3 per patient per year. The number of exacerbations that required hospitalization was 0.32 ±0.81 per patient per year. Exacerbation rates in relation to the severity of COPD (GOLD stage) are presented in Comparison of the subgroups with different exacerbation rates There were no differences in age and BMI between the study subgroups. The sex distribution was similar in the subgroups with 2 exacerbations per year and more and those with fewer than 2 exacerbations per year; however, in general, exacerbations were more common in women than in men with COPD (73.8% vs. 51.6%; P = 0.01). Patients with 2 exacerbations and more per year had lower pre-and postbronchodilator FEV 1 than those with a lower exacerbation frequency (prebronchodilator FEV 1 , 41.6 ±15 % predicted vs. 50.3 ±16.4 % predicted, P = 0.01; with stage IV. Despite a tendency to a higher incidence of exacerbations in more severe stages of the disease, this difference did not reach statistical significance. This may be at least partially explained by the fact that patients do not report all exacerbations. [28] [29] [30] The relation between an increased rate of exacerbations and the severity of COPD in our study is supported by the differences in the number of exacerbations between GOLD stages II and IV and the number of exacerbations requiring hospitalizations between stages II and III and stages III and IV. It is noteworthy that an exacerbation frequency of 0.97 ±1.22 per patient per year in our patients with stage I and 1.73 ±2.05 per patient per year in those with stage IV was lower than that previously reported. 30, 31 Patients with a high exacerbation rate had a significantly lower FEV 1 (49.3 ±16.4 % predicted vs. 57.8 ±18.0 % predicted). Therefore, one would expect them to have altered body composition as well as low BMI and FFM index. The mean BMI in the whole study group of 27.6 ±5.1 kg/m 2 indicates that the patients were overweight. Patients with a higher exacerbation rate had a lower BMI, FFM index, and muscle mass index but the difference was not significant. Moreover, the comparison of patients without any exacerbations and those with at least 1 exacerbation showed that the latter had lower muscle mass, lower total body water (which might have been connected with higher water loss during breathing), and lower resting metabolic rate. In our opinion, the lower metabolic rate is probably connected to the lower muscle mass. We also observed a negative correlation between the number of exacerbations and FFM index, muscle mass index, total body water, and resting metabolic rate, which seems to confirm the association between exacerbations and body composition in patients with COPD. Studies in patients hospitalized because of COPD exacerbation reported the incidence of cachexia to be as high as 38%. 32 Patients with a lower BMI had a greater lung function decline, higher degree of hyperinflation, and higher serum C-reactive protein levels. 33 In ambulatory patients with exacerbations, no correlations between BMI and exacerbation severity and between the administered treatment and treatment outcome were noted.
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COPD exacerbations are associated with an increase in the levels of inflammatory cytokines including adiponectin. Higher adiponectin levels in patients with COPD compared with healthy controls indicate a potential role of this cytokine in systemic inflammation in COPD. The serum adiponectin concentration increases during exacerbations, and its elevated levels are observed even 8 weeks after treatment. 35 Behnes et al. 36 suggested that adiponectin might play a role in the pathogenesis of systemic inflammatory response during sepsis. 36 An experimental study on cardiomyocytes from neonatal rats showed that hypoxia-reoxygenation-provoked cell death can be attenuated by pretreatment with levels significantly correlated with BMI (R = -0.38; P <0.001), FFM index (R = -0.44; P <0.001) (FIGURE 1AB), total body water (R = -0.49; P <0.001), muscle mass index (R = -0.46; P <0.001), and resting metabolic rate (R = -0.51; P <0.001). There were no significant correlations between the ghrelin concentration and body composition.
DISCUSSION Frequent exacerbations constitute a specific phenotype of COPD. In the 3-year ECLIPSE study, 23% of the patients did not have any exacerbations, while 12% experienced at least 2 exacerbations of the disease. Among those 12%, more than 60% of the patients had recurrent exacerbations in the subsequent years of follow-up. 3 The rate of exacerbations increased as the severity of COPD increased: from 22% in GOLD stage II to 47% in stage IV. In our study, exacerbations occurred in 25.7% of the patients, and the percentage differed depending on severity: 12.5% of the patients with stage I; 20.9%, with stage II; 26.7%, with stage III; and 45.8%, adiponectin, and this effect can be partially explained by the inhibition of endoplasmic reticulum stress response. 37 In patients with COPD, the anti-inflammatory effect of adiponectin is more marked in severe and very severe stages as well as during exacerbations. 38, 39 In our study, the serum adiponectin concentration was significantly higher in patients with frequent exacerbations, which seems to confirm its role in systemic inflammation. Thus, evaluation of serum adiponectin may be helpful in the identification of patients at higher risk of exacerbation.
In our study, we also analyzed ghrelin. Ghrelin concentrations are the highest in the state of hunger and in diseases leading to cachexia. Other factors, including physical activity and night rest, also have an impact on this hormone. Itoh et al. 26 reported a negative correlation between ghrelin and BMI and FFM and a positive correlation between serum TNF-α and norepinephrine in patients with COPD. Moreover, the ghrelin concentration was significantly higher in patients with GOLD stage IV COPD than in controls. 26 Other authors also demonstrated a higher ghrelin concentration in patients with COPD than in controls; furthermore, there was a significant difference in the ghrelin concentration in patients who were underweight. 40 We might thus speculate that the ghrelin concentration should even be higher in COPD patients with frequent exacerbations who have increased catabolism and continuous decline in lung function. In our study, we found a higher ghrelin concentration in patients with frequent exacerbations, but the difference was not significant. There have been attempts to treat patients with COPD and cachexia with ghrelin, 41, 42 and the results seem quite encouraging. The anti-inflammatory effect of ghrelin was also the subject of studies in the experimental model of colitis, 43 hepatic disorders, 44 sepsis, 45 and rheumatoid arthritis.
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In conclusion, our study showed that exacerbations affect body composition. There is a negative correlation between the number of exacerbations and FFM, total body water, muscle mass, and resting metabolic rate. In patients with frequent exacerbations, the serum adiponectin concentration was statistically higher in comparison with patients who had fewer than 2 exacerbations per year. This may confirm the role of adiponectin in COPD-related systemic inflammation, which increases its severity during acute exacerbations of the disease. Assessment of the body composition and systemic inflammation should be part of the routine management of patients with COPD.
